Objectives. This study evaluated the Physiological and Operative Severity Score for the enUmeration of Mortality and Morbidity (POSSUM), Portsmouth (P) POSSUM and Vascular (V) POSSUM. The primary aim was to assess the validity of these scoring systems in a population of patients undergoing elective and emergency open AAA repair. The secondary intention was in the event that these equations did not fit all patients with an aneurysm; a new model would be developed and tested using logistic regression from the local data (Cambridge POSSUM). Methods. POSSUM data items were collected prospectively in a group of 452 patients undergoing elective and emergency open AAA repair over an eight-year period. The operative mortality rates were compared with those predicted by POS-SUM, P-POSSUM, V-POSSUM and Cambridge POSSUM. Results. All models except V-POSSUM (physiology only) showed significant lack of fit when predicting mortality after open AAA surgery. It was found that the locally generated single unified model (Cambridge POSSUM) could successfully describe both elective and ruptured AAA mortality with good discrimination (c 2 ¼ 9.24, 7 d.f., p ¼ 0.236, cindex ¼ 0.880). Conclusions. POSSUM, V-POSSUM and P-POSSUM may not be robust tools for comparing mortality between populations undergoing elective and emergency open AAA repair as once thought. The development and successful validation of Cambridge POSSUM provides a unified model to describe both elective and emergency AAAs together and should be validated in other geographical settings. Ó
Introduction
Surgeons live in challenging and changing times. Revalidation has made the whole healthcare profession but especially surgeons, accountable for their actions to their patients, professional organisations, hospital and funders of health care. The clinical practice of surgery is under intense scrutiny and performance is demonstrated through comparative audit of mortality and morbidity rates. Simple collection of crude numbers of the deaths and complications alone is insufficient to reflect the quality of care, as to compare morbidity and mortality would assume the original populations are identical. Risk-adjusted analysis is required to allow for differences in case-mix between surgeons and surgical units. One method that has been proposed for standardising patient data to permit direct, meaningful comparisons of patient outcome irrespective of population differences is the Portsmouth Physiological and Operative Severity Score for the enumeration of Mortality and morbidity (P-POSSUM). 1 This was developed as a modification of the original POSSUM equation described by Copeland et al. in 1991, 2 which was shown to overestimate mortality, especially for low risk procedures. 3 P-POSSUM was shown to provide an accurate method of comparative surgical audit in a large series of general surgical patients. 1 V-POSSUM equations were subsequently developed based on P-POSSUM methodology (physiological and operative, and physiology only) and applied to an audit of operative outcome conducted by the Vascular Surgical Society of Great Britain and Ireland (VSSGBI). They were found to accurately predict mortality and morbidity after arterial surgery. 4, 5 Prytherch et al. 5 applied the P-POSSUM and V-POSSUM equations to patients undergoing elective and emergency open abdominal aortic aneurysm (AAA) surgery in Portsmouth and found that although the models successfully described elective AAA repair, they failed to predict outcome after ruptured AAA repair and after both elective and emergency AAA surgery. Harris et al., however, accurately predicted early mortality after ruptured AAA surgery using the V-POSSUM equation. 6 The aim of this study was to apply the different POSSUM equations to all elective and ruptured open AAA operations in Cambridge over an eightyear period to assess their validity with respect to mortality. The secondary intention was in the event that these equations did not fit all patients with an aneurysm; a new model would be developed and tested using logistic regression from the local data (Cambridge POSSUM). No model has yet been able to describe outcome after both elective and emergency AAA surgery.
It is still not clear whether the original POSSUM equations are applicable to data collected from a large number of different sources across a broad geographic area or whether there are other factors that need to be taken into account to improve the predictive value of the technique in vascular patients and specifically for aortic surgery.
Methods
All patients undergoing elective and ruptured open abdominal aortic aneurysm surgery at the Cambridge Vascular Unit, a regional academic teaching centre, between January 1998 and January 2006 were included in the study. POSSUM physiological and operative variables were collected prospectively. Case notes were analysed retrospectively for observed inhospital or 30 days of operation mortality.
This study was approved by the local Research Ethics Committee. A consultant vascular surgeon performed the majority of the procedures. A nonvascular consultant or higher surgical trainee was the principal surgeon in 67 (26%) operations. Surgical technique has been described elsewhere. 7
Statistical Analysis
Statistical analysis was carried out in SPSS Version 13 (SPSS Inc., Chicago, IL, US). 452 patients were included in the analysis. The POSSUM, V-POSSUM and Portsmouth-POSSUM (P-POSSUM) scores were used to calculate patients' risk of mortality after surgery. Two forms of the V-POSSUM equation were used to calculate the risk, equations using the physiology and operative scores, and those using only physiology scores. The different equations were applied and tested for goodness of fit. Statistical analysis was performed as described previously following the Hosmer-Lemeshow methodology. 8e11 This includes the use of the chi-squared test to compare frequency tables obtained from prospective application of the equations. It should be noted that this is a null hypothesis test. P < 0.05 indicates a significant lack of fit. While it is possible to say that a model is wrong i.e. did not predict outcome, it is not possible to state that a different model is correct, only that it performed adequately. The Hosmer-Lemeshow method essentially gives a measure of calibration. The c-statistic can also be generated, which gives a measure of discrimination. Discrimination is the ability of the model to appropriately rank patients in terms of risk e that is, the model's ability to ascribe high risks to high-risk patients and vice-versa. For binary outcomes as is the case here, the c-statistic is equivalent to the area under the ROC curve. The c-statistic varies between 0.5 (where a model is no better than chance) and 1 where it discriminates perfectly. Values of 0.7 and greater are generally taken to indicate reasonable performance and values of 0.8 and greater indicate good discrimination.
The risk ranges for mortality were chosen to be clinically meaningful and to ensure that there were at least 5 predicted outcomes in at least 80% of cases (Cochrane's rule).
Results
The Cambridge Vascular Unit operated on 473 open AAA patients (electives ¼ 271; emergency ¼ 202) over this eight-year period. 258 (95%) elective and 194 (96%) emergency patients were included in the analysis. 8 (4%) of the emergency admissions presented with an intact symptomatic AAA; all the rest were ruptured. The remaining 21 (electives ¼ 13 (5%), emergency ¼ 8 (4%)) patients' details were either incomplete or were missing at the time of data collection and therefore were excluded. Patient demographics and admission data (physiological parameters) are summarised in Table 1 . Table 2 shows the results of prospective application of P-POSSUM (physiology and operative score model) to all patients undergoing AAA repair indicating poor prediction for mortality (evidence of lack of fit). Similar unsuccessful fits were found for both the POSSUM model (Table 3 ) and V-POSSUM physiology and operative score model (Table 4 ). However, prospective application of V-POSSUM physiology e only model (Table 5 ) showed no evidence of lack of fit by indicating good prediction for mortality with good calibration and discrimination. POSSUM, P-POSSUM and V-POSSUM (physiology and operative score model) all tended to over-predict events but all had good discrimination.
When the different POSSUM equations were applied and tested for goodness of fit to the elective and ruptured AAA repairs as individual groups, failure of prediction was also found (results not shown).
New Predictive Model (Cambridge POSSUM)
Since none of the existing POSSUM models except the V-POSSUM physiology e only equation predicted outcome and that the discrimination results suggest that the POSSUM data could indicate something about risk, we decided to build our own model to determine adverse outcome (Cambridge POSSUM).
Since adequate individual models already exist for elective and ruptured AAAs, it was decided to attempt to develop a unified model to describe both elective and emergency AAAs together. The 452 data records were divided into two to give a training set of 226 on which logistic regression was performed using SPSS statistical software to obtain the following predictor equation for mortality. The training and test sets were created by first ordering the complete dataset by ruptured or unruptured and by mortality, and then assigning alternate records to training and test sets, so ensuring that both sets had equal representations of mortality and ruptured/unruptured aneurysms. This equation was then applied prospectively to the test set of the other 226 patients. It was found that the single unified model could successfully describe both elective and ruptured AAA mortality combined in the validation test set with good discrimination (Table 6) .
Binary logistic regression analysis of the POSSUM data produced the following outcome model for abdominal aortic aneurysm repair: ln½R=ð1 À RÞ ¼ À 7:5365 þ ð0:1632 Â physiological scoreÞ þ ð0:0518 Â operative severity scoreÞ
where R is the predicted risk of mortality. 
Discussion
Risk adjustment is important in comparative audit and several scoring systems have been developed to assess post-operative mortality and morbidity. POS-SUM has been proposed as a predictor equation of complications and mortality taking into account differences in case-mix. This consists of 12 physiological parameters and six operative severity factors. It has the advantages of including both pre-operative and operative factors, which are easily available and can be collected prospectively. POSSUM, however, was criticised because it over predicted the mortality rate of patients at low risk 1 P-POSSUM and V-POSSUM have been shown to be more accurate predictors of death than POSSUM in vascular patients. 4, 12 It has also been possible to obtain a good predictive model from pre-operative physiology alone and that models that did not include operative data were satisfactory. 4,5 Therefore, P-POSSUM derived physiology only models may be useful as a pre-operative risk assessment tool in vascular patients and may aid the vascular surgeon in selecting patients for surgery. This study focused on patients who underwent open elective and emergency AAA repair and prospectively applied POSSUM, P-POSSUM and the two V-POSSUM equations (Physiology and operative, and physiology only) to them. All models except V-POSSUM (physiology only) showed significant lack of fit when predicting mortality after open AAA surgery and in keeping with previous studies, 13, 14 over-estimated mortality.
It appears that POSSUM, P-POSSUM and V-POSSUM (physiology only) are not robust methods of predicting death in Cambridgeshire following elective or ruptured open AAA surgery. Although both the P-POSSUM and V-POSSUM equations have been previously shown to accurately predict mortality after AAA surgery in Portsmouth, 5 this is not borne out when prospectively applying these models in another geographical location. Portsmouth is generally associated with a high social deprivation index 15, 16 and in comparison Cambridge serves a more affluent population. Difference in case mix may explain why the different predictor equations modelled differently. Although P-POSSUM, POSSUM and V-POSSUM are badly calibrated, they have similar and good discrimination. Reasons why the different models may be poorly calibrated include Cambridge may be performing better or perhaps things have just improved since the original equations were developed. The models, of course, may just be completely wrong or alternatively the constituents of the POSSUM physiological and operative scores are more complete in this cohort of patients due to prospective and tight data collection than in the data that gave rise to the original equations.
The POSSUM system was designed to be used for audit and flagging unexpected deaths e that is ones where the scores (and hence the predicted risks) were low e for further inspection/investigation. To ensure this happens it scores missing data as normal. An extreme example of this would be an emergency AAA in the middle of the night on whom none of the data is collected. This patient would then have a physiological score of 12 and an operative score of 6 and would have the lowest possible predicted risk e in spite of actually being possibly the highest possible risk patient. When this death was audited of course the reason would immediately be seen and the process would be complete. However, when this is used to generate a risk model mis-calibration will ensue. states that we need at least 5 predicted events in at least 80% of cases, has been applied. Therefore risk strata are slightly different. Whilst the above example is an extreme case, the use of incomplete data to generate POSSUM scores will lead to, on average, reduced POSSUM scores. When these are used to generate a risk model, the logistic regression process will adjust for this by increasing the risk associated with the given scores. In studies where the data is much more complete for a given comparable physiology and operation, the scores generated will be larger, and hence the predicted risks will be higher e possibly very considerably so, and hence there will be mis-calibration caused by over-prediction of deaths. This miscalibration, however, will have no detrimental effect on the ability of the models to discriminate risk e that is rank the cases in order of risk. Whilst it is not proof, the fact that all these models are miscalibrated because they over-predict deaths and yet have excellent discrimination, supports this explanation at least in part. This is another reason for using a system such as VBHOM (Vascular Biochemistry and Haematology Outcome Models), which adopts a different approach of using a minimum dataset to model outcome and has been previously shown to be feasible with index arterial operations. 17 VBHOM demands that the (simple) dataset it requires is complete and does not accept cases with missing data. All data items can be obtained pre-operatively and are logistically feasible to collect from hospital pathology and patient administration computer systems. 17 They are collected routinely within the normal pathways of clinical care and therefore their application can be universal and data collection is not an additional burden to the staff providing care. We have recently shown that VBHOM can provide, like Cambridge POSSUM in this study, a single unified model that allows good prediction of surgical mortality after both open elective and ruptured AAA repair. 18 The development and successful validation of our own POSSUM model (Cambridge POSSUM) should be validated in other geographical settings because it is the only single POSSUM based model to date that allows accurate prediction of outcome following not only elective but also ruptured open AAA repair.
Although POSSUM is principally an audit tool, the successful validation of the V-POSSUM physiology only model equation for mortality outcome may allow the vascular surgeon to predict complication rates in an individual patient before surgery (as with VBHOM). The fact that the physiology only version of V-POSSUM was the only model to perform well suggests that the physiology data collected is either more complete or generally less susceptible to missing data items.
A previous paper 19 has attempted to use POSSUM to challenge the long heated debate of repairing AAA in either a dedicated unit within a teaching hospital or district general hospital. 20 POSSUM, P-POSSUM and V-POSSUM all suffer from the weakness which is, by definition, they exclude patients who were either not offered or refused surgery. This highlights the importance of patient selection and may potentially limit the value of the different predictor equations in comparing mortality rates between different hospitals. However these models do allow for stratification of risk and therefore it is possible to identify whether a particular vascular unit is operating on large or small proportion of high-risk patients.
Conclusions
Effective practice audit and continuous quality assurance monitoring require prospective evaluation of outcomes. Audit has become a vital element of a vascular surgeon's practice. This study, to our knowledge, is the first to try and validate prospectively the different POSSUM predictor equations. It has demonstrated that POSSUM, V-POSSUM and P-POSSUM generally may not be robust and valid tools for comparing mortality between populations undergoing elective and emergency open AAA repair as once thought.
This study shows that POSSUM data can be used to predict outcomes, but is very susceptible to missing data, the extent of which probably depends on the data collection methods. Consequently, there must be considerable concerns about the use of such models in the comparison of different sites e probably such models are best only used within the site they were developed for.
To allow comparison between different geographical locations, sites should use systems such as VBHOM which use only easy to collect data available on all patients and which demand that all the data is present for the case to be analysed.
